Background: Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been shown to reduce cardiovascular mortality at a dose of '1 g/d. Studies using higher doses have shown evidence of reduced inflammation and improved endothelial function. Few studies have compared these doses.
INTRODUCTION
Elevated triglycerides are a risk marker for cardiovascular disease (CVD), with an estimated 30% of the adult US population being affected (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) reduce triglyceride concentrations when administered at higher doses (.3 g/d combined) (11) (12) (13) . However, lower doses ('1 g EPA+DHA/d) are recommended for CVD risk reduction on the basis of evidence from large secondary prevention trials, which showed that this intake can reduce cardiovascular mortality by 20-30% without significant reductions in triglycerides (14, 15) . Therefore, the cardioprotective action of omega-3 (n23) fatty acids is thought to occur via multiple benefits, such as antiarrhythmic (16, 17) and antiinflammatory (18, 19 ) effects secondary to changes in cell membrane properties that affect cell signaling and gene expression (18) (19) (20) (21) . These benefits may also manifest in improved vascular endothelial function when omega-3 fatty acids are given acutely (22) (23) (24) or chronically (24) (25) (26) (27) (28) (29) (30) (31) .
Despite the significant reductions in triglycerides achieved with higher pharmacologic doses of omega-3 fatty acids, establishing recommended intakes to reduce CVD risk in persons with moderate hypertriglyceridemia has been complicated. Moderate hypertriglyceridemia often coexists with high LDL cholesterol (combined hyperlipidemia), and pharmacologic doses of omega-3 fatty acids can increase LDL cholesterol when large reductions in triglycerides are achieved (12) . Because of the lack of morbidity and mortality data with high doses of omega-3 fatty acids, the current guidelines only recommend the higher dose for those who have substantial elevations in triglycerides (.500 mg/dL), not for minimizing general CVD risk (6) .
A greater understanding of the effects of different doses of EPA+DHA on intermediate CVD risk markers, such as inflammation and vascular endothelial function, would help to establish evidence-based recommendations, particularly for adults with moderate hypertriglyceridemia.
The objective of this study was to compare the effects of a lower dose (ie, 0.85 g EPA+DHA/d, recommended for secondary prevention of CHD) and a higher dose (3.4 g EPA+DHA/d, indicated to lower very high triglycerides) on endothelial function, lipids, and inflammatory markers in healthy persons with moderately elevated triglycerides. We hypothesized that the higher dose would significantly decrease fasting triglycerides and that improvements in endothelial function would be dosedependent and accompanied by reductions in inflammation.
SUBJECTS AND METHODS

Study population
Healthy persons with moderate hypertriglyceridemia (fasting triglycerides: 150-500 mg/dL) were recruited for this study. Estrogen fluctuations alter endothelial function, so all women were postmenopausal (no menses for . 12 mo). Other inclusion criteria were an age of 21 to 65 y, a body mass index (BMI; in kg/m 2 ) of 20-39, and generally good health. Exclusion criteria were tobacco use; acute or chronic inflammatory conditions; hypertension (systolic blood pressure: 150 mm Hg; diastolic blood pressure: 95 mm Hg); liver or kidney dysfunction (selfreported or abnormal screening blood results); an unwillingness to discontinue nutritional supplements (except for calcium, which was allowed at a stable dose); intakes of fish, flaxseed, or walnuts 2 servings/wk; use of oral contraceptives or hormone replacement therapy; use of lipid-lowering, antiinflammatory, antidepressant, or blood pressure medication; abnormal screening electrocardiogram; or a history of heart disease. Potential participants were advised that they would be expected to maintain a low consumption of omega-3 fatty acids during the study, refrain from the use of all supplements, and maintain their body weight. A complete blood count and standard chemistry profile were obtained at screening to rule out the presence of serious illness (eg, autoimmune disease, cancer, and immunodeficiency). Seated blood pressure was measured by nurses in a controlled environment using a calibrated mercury sphygmomanometer and appropriately sized cuffs after a 5-min quiet rest according to JNC 7 guidelines (32) . Three readings were taken, and the average of the last 2 readings was used to determine the eligibility for study participation and baseline characteristics. The blood pressure criterion (,150 mm Hg SBP and ,95 mm Hg DBP) was established to avoid the exclusion of persons with unmedicated stage 1 hypertension.
Recruitment and ethical aspects
Subjects were recruited through advertisements in the local newspaper, fliers in the community, and campus E-mail lists. Two hundred eighty potential subjects called to indicate interest in participating in the study. They were given information about the study and, if interested, were asked a series of medical and lifestyle questions. Of the 280 respondents, 89 met the study criteria and were scheduled for a clinic screening at the Penn State General Clinical Research Center. After written informed consent was provided, a screening blood sample was drawn and a 12-lead electrocardiogram was obtained. Body weight and height were recorded to calculate BMI. From the 89 persons who were screened, 28 were eligible to participate in the study (Figure 1 ). Subjects with a glucose concentration .100 mg/dL, blood pressure 140/90 mm Hg, or high cholesterol were required to obtain a release form from their physicians because of the length of the trial and medication restrictions. A randomization scheme was developed in advance, and subjects were assigned to a treatment sequence at enrollment. The study protocol was approved by the Institutional Review Board of the Pennsylvania State University.
Design and interventions
This was a randomized, double-blind, 3-period crossover, placebo-controlled study with 8-wk treatment periods and 6-wk washout periods. Treatment was provided as 4 identical capsules per day during all periods. All capsules were provided by GlaxoSmithKline (Research Triangle Park, NC) (Lovaza and identical corn-oil placebo). Each 1-g capsule of omega-3 fatty acid ethyl ester contained '465 mg EPA and 375 mg DHA (ratio of 1.2:1). Most fish-oil supplements contain EPA and DHA at a ratio of 1.5:1. We performed an independent analysis of one sample of active and placebo (methods previously described; 33). The corn-oil placebo contained 56% linoleic acid (18: 2n26), 28% oleic acid (18:1n29), 12% palmitic acid (16:0), and small amounts of other fatty acids. The fatty acid profile of these treatments, as determined by our independent analysis, is summarized in Table 1 . During the 3 treatment periods, subjects received in random order 0 g EPA+DHA/d (corn oil placebo), 0.85 g EPA+DHA/d, and 3.4 g EPA+DHA/d. The lower dose was provided as 4 capsules: one capsule of Lovaza and 3 placebo capsules. Treatments were matched to a coded numeric identifier so that the researchers and participants were blinded to treatment assignment. The subjects were instructed to maintain their weight and activity level during the course of the study, and they were counseled to exclude fatty fish meals (including salmon, tuna, mackerel, and herring), fish-oil supplements, flax products, walnuts, and omega-3-enriched eggs during the study. The subjects were contacted 2 wk into each phase to determine compliance and discuss any difficulties with taking the capsules. At the midpoint of each treatment period (4 wk), the subjects reported to the General Clinical Research Center to have their bottles weighed and to receive new supplies. Sample size was based on a power calculation, with flow-mediated dilation (FMD) as the primary outcome. Twenty-two subjects were estimated to provide 90% power to detect a 30% change in FMD values (27) with a of 0.05, based on the variability of fasting FMD values in our previous work (34) .
Blood sample collection and assays
At the beginning of the study and at the end of each treatment period, blood samples were collected in the fasting state (12 h with nothing but water, 48 h without alcohol, and 2 h without vigorous exercise). A general health profile was obtained with fresh serum samples to monitor liver enzyme concentrations (Chem 24 panel; Quest Diagnostics, Pittsburgh, PA). The fasting lipid profile was measured on 2 separate days at the end of each period. Except for endpoints that required unfrozen samples, samples were portioned and stored at 280°C for batch analysis.
Lipids and lipoproteins
Whole blood was drawn into serum separator tubes, allowed to clot, and centrifuged. Total cholesterol and triglycerides were measured by enzymatic procedures (Quest Diagnostics, Pittsburgh, PA; CV , 2% for both). HDL cholesterol was estimated according to the modified heparin-manganese procedure (CV , 2%). LDL cholesterol was calculated by using the Friedewald equation [LDL cholesterol = TC -(HDL cholesterol + TG/5)] except in cases where triglyceride values exceeded recommended ranges. In these cases a direct LDL-cholesterol test was ordered that measures LDL-cholesterol concentrations using a chromogenic reaction after removal of all non-LDL cholesterol (N-geneous LDL-ST-C; Quest Diagnostics). The betweenrun CV of this assay is , 3%.
Inflammatory markers
Plasma concentrations of interleukin-1b ( IL-1b), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) were measured with high-sensitivity enzyme-linked immunosorbent assay (ELISA) kits from R&D Systems (Minneapolis, MN) in duplicate (assay CV , 11% for all). Serum high-sensitivity C-reactive protein was measured by latex-enhanced immunonephelometry (Quest Diagnostics; assay CV , 8%).
Mononuclear cell gene expression
Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll density gradient separation from EDTA-anticoagulated blood. After isolation and washing of the buffy coat with saline, the cells were counted on a hemocytometer. At least 8 · 10 6 cells were saved for RNA isolation. Cells for RNA isolation were suspended in RNALater solution before being stored at 280°C. After RNA isolation (RNEasy mini kit; Qiagen; Valencia, CA), a high-capacity cDNA Archive kit (Applied Biosystems, Foster City, CA) was used for reverse transcription. cDNA (500 ng) was amplified with SYBR Green PCR Master Mix (Applied Biosystems) and detected with an ABI 7300 Sequence Detection System (Applied Biosystems). The expression of IL-1b, IL-6, and TNF-a was measured by using real-time polymerase chain reaction with the following primers: 1173F CACGGCCACAT TTGGTTCTAA (IL-1b), 1224R CAGAATGTGGGAGCGAAT GAC (IL-1b), 803F ATCAATCGGCCCGACTATCTC (TNF-a), 887R TGGATGTTCGTCCTCCTCACA (TNF-a), 197F GCC ACTCACCTCTTCAGAACG (IL-6), and 250R CCGTCGAG GATGTACCGAATT (IL-6). The expression of these genes was normalized to the expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The GAPDH forward and reverse primers were TGGGTGTGAACCATGAGAAG and GCTAAG CAGTTGGTGGTGC, respectively.
Insulin and glucose
Insulin was measured by radioimmunoassay with 125 I-labeled human insulin and a human insulin antiserum (Linco Research, St Charles, MO; cross-reactivity with proinsulin , 0.2%). Glucose was measured with an immobilized enzyme biosensor by using the YSI 2300 STAT Plus Glucose & Lactate Analyzer (Yellow Springs Instruments, Yellow Springs, OH). The quantitative insulin-sensitivity check index (QUICKI) was calculated as 1/(log [fasting glucose] + log[fasting insulin]) (35) . The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as glucose · insulin/405 (36) .
Liver enzymes
Liver enzymes were measured as part of a general health profile battery of blood tests (Chem 24 panel; Quest Diagnostics).
Erythrocyte fatty acids
Blood samples were drawn into EDTA-containing tubes at each visit. Red blood cells (RBCs) were separated from plasma by centrifugation, and a 0.5-mL aliquot was collected from the RBC pack. RBCs were frozen at -80°C until analyzed. Fatty acid analysis was performed as previously described (33) . Briefly, lipids were extracted, methylated to form fatty acid methyl esters (FAMEs), and analyzed by gas chromatography on a GC2010 (Shimadzu Corporation, Columbia, MD) equipped with a 100-m SP-2560 column (Supelco, Bellefonte, PA). FAME composition is reported as the percentage by weight of total identified FAMEs. The omega-3 index is the sum of EPA and DHA. 
n-3 FATTY ACIDS IN MODERATE HYPERTRIGLYCERIDEMIA
Flow-mediated dilation, Doppler assessment of reactive hyperemia, and peripheral arterial tonometry After a 12-h fast, endothelial function was assessed by FMD with high-frequency ultrasound, as described previously (including test-retest reliability) in a quiet, dimly lit room at 71-75°F (22, 34) . The brachial artery above the elbow of the right arm was scanned in a longitudinal section after a 15 min rest, and continuous cross-sectional images were recorded at rest (1 min), during cuff inflation (5 min), and during increased blood flow after cuff release (2 min). An automated rapid cuff inflator set to 250 mm Hg (Hokanson, Bellevue, WA) was placed on the forearm distal to the ultrasound probe to induce ischemia. Changes in arterial diameter were measured by external B mode ultrasound imaging (Acuson Aspen 128XP equipped with a 10-mHz linear array transducer; Acuson, Mountain View, CA) by a single well-trained sonographer (P Wagner). The images were gated by using R-wave detection so that scans were assessed at end diastole. Automated edge detection software (Brachial Analyzer; MIA, Iowa City, IA) was used to quantify artery diameter continuously throughout the test. Peak artery diameter was determined as the largest diameter recorded in the 2-min postdeflation segment. Resting diameters were the average of all images collected over a 1-min period. FMD was calculated by 2 independent scorers as the percentage change in artery diameter at peak dilation compared with baseline and is reported as a percentage. If FMD values differed by .2%, a third technician reviewed the scan. FMD is reported as the average of the 2 readings.
Average flow velocity (m/s) across the cardiac cycle, maximum flow velocity, and velocity time integral across the cardiac cycle (m) were measured by using duplex pulsed Doppler at 2 time points: resting baseline and immediately after cuff release. Flow (mL/min) was calculated as described previously (34) .
During the FMD test, the EndoPAT 2000 (Itamar Medical Ltd, Caesarea, Israel) was used to measure relative changes in pulse wave amplitude before and after occlusion (37) . The EndoPAT technique has been validated (37) and was used in the Framingham Heart Study, which found significant, inverse associations between EndoPAT scores and multiple CVD risk factors (38) . Two flexible probes were placed on the index fingers of the right (ischemic) and left (control) hands. Measurements were made during baseline (5 min), occlusion (5 min), and reactive hyperemia (5 min). The Reactive Hyperemia Index (RHI) was calculated as the ratio of the average pulse wave amplitude during hyperemia (60 to 120 s of the postocclusion period) to the average pulse wave amplitude during baseline in the occluded hand divided by the same values in the control hand and then multiplied by a baseline correction factor. The Framingham RHI (F-RHI) is an alternative calculation derived from the same raw data and differs in that it uses the period from 90 to 120 s of postocclusion hyperemia, does not incorporate a baseline correction factor, and has a natural log transformation applied to the resulting ratio. F-RHI has been shown to correlate with other CVD risk markers (38, 39) . The EndoPAT device also generates the Augmentation Index (AI)-a measure of vascular stiffness (pulse wave reflection) that is calculated from the shape of the pulse wave recorded by the probes during baseline. AI can be adjusted to a heart rate of 75 beats/min to correct for the independent effect of heart rate on this measure (40) . Both unadjusted and adjusted AIs are reported here.
Statistical analyses
Statistical analyses were performed by using SAS (version 9.2; SAS Institute, Cary, NC). The natural logarithmic transformation was used for positively skewed outcome variables. The mixedmodels procedure (PROC MIXED) in SAS was used to test the effects of treatment, period, and treatment by period interactions on each outcome. Subject was treated as a random effect, and the remaining factors were fixed effects. When period and treatment by period interactions were nonsignificant, they were removed from the model. For all outcomes, no treatment by period effect was observed. When period effects were significant, they were retained in the final model of treatment effects. Tukey-Krameradjusted P values were used for post hoc comparisons between the 3 groups. Values that were measured in duplicate [lipids (separate days), plasma cytokines (assay duplicate), and FMD (2 independent scorers)] were averaged before analysis. Means are reported as least-squares means 6 SEM.
Regression modeling was performed with Minitab (version 16.1; Minitab, State College, PA). Predictor by dose interactions were tested in SAS to assess whether the slope of the regression line for the predictor were equal across both treatments. Regression lines for the 2 treatment groups were also visually examined for equal slope. When that requirement was met, regressions were reported as pooled values, collapsing across the treatments. Graphic representations were generated in Minitab as scatter plots for outcome vs predictor with regression lines. Residual vs fit plots were examined to ensure homoscedasticity.
RESULTS
Twenty-eight people began the study and 26 completed it (23 men and 3 postmenopausal women). One male subject withdrew because of gastrointestinal symptoms that began during the placebo period and intensified during the 3.4-g/d period. One male subject died during the washout phase after the placebo dose, and this event was judged to be unrelated to study procedures. The final study population was, on average, middleaged, overweight, and normotensive ( Table 2 ). The sample was predominantly white and non-Hispanic and included one subject of Southeast Asian descent. Compliance was excellent (.95% for all subjects during all periods) as determined by capsule logs and bottle weights. Erythrocyte EPA and DHA also increased in a dose-dependent manner (discussed further below). Body weight did not change during the study (data not shown).
Effects of lower and higher EPA+DHA doses on bloodderived measures
Compared with placebo and the low dose, triglycerides were significantly lower after the 3.4-g/d dose of EPA+DHA ( Table 3) . Relative to placebo, the reduction with the 3.4-g/d dose was 27% (P = 0.002). The 0.85-g/d dose did not alter triglyceride values. Total cholesterol, LDL-cholesterol, and HDL-cholesterol values did not differ significantly by treatment.
Neither dose of omega-3 fatty acids had any effects on glucose, insulin, inflammatory markers, or inflammatory gene expression in isolated PBMCs relative to placebo (Table 3) . Endpoint values for calculated measures of glucose metabolism did not differ by treatment. Liver enzymes (alanine aminotransferase and aspartate aminotransferase) and body weight (or BMI) were also unchanged.
Erythrocyte omega-3 fatty acids
The omega-3 fatty acids EPA, docosapentaenoic acid, and DHA increased in a dose-dependent manner ( Table 3 , Figure 2 ). The increase in EPA and DHA concentrations resulted in a significant increase in omega-3 index of 32% for the 0.85-g/d dose and 79% for the 3.4-g/d dose. This effect was achieved via modest displacement of monounsaturated and omega-6 polyunsaturated fatty acids (see supplementary tables under "Supplemental data" in the online issue for full fatty acid analysis).
Endothelial function and reactive hyperemia indexes
Endothelial function, as measured by FMD, RHI, or F-RHI, was not affected by either dose of omega-3 fatty acids relative to placebo. There were no effects on arterial stiffness (AI or AI adjusted for heart rate) or on hyperemic flow measured by Doppler ultrasound. Like FMD, the EndoPAT reactive hyperemia scores measure nitric oxide-dependent dilation (41) but may be more indicative of microvascular changes (39) than FMD, which measures changes in brachial artery diameter. No measures of vascular endothelial function or measures of artery stiffness were affected by treatment.
Although there were no significant treatment effects on vascular function or hyperemic response, several of these variables showed small but significant period effects ( Table 4 ). Resting and peak brachial artery diameters increased after the first visit by '2%, and this was accompanied by a reduction in some hyperemic indexes. RHI decreased 13% after the first visit. However, no period effects on FMD or the magnitude of flowinduced change in artery diameter (mm) were observed.
Regression modeling
Triglyceride values as a predictor of triglyceride changes in response to 3.4 g EPA+DHA/d
Previous studies have shown a relation between triglyceride values and the percentage reduction in triglycerides in response to 3.4 g EPA+DHA/d (reviewed in 12). Therefore, regression modeling was used to assess whether this relation could be modeled on an individual basis within our sample. Logtransformed triglyceride values at the end of the placebo period were linearly related to the percentage reduction in triglycerides achieved by participants after 3.4 g EPA+DHA/d (R 2 = 41%, P = 0.001; Figure 3 ). The Pearson's r for this correlation was 0.64.
Change in triglycerides as a predictor of change in LDL cholesterol and FMD across treatments
The change in triglyceride values resulting from omega-3 treatment relative to placebo treatment was assessed as a predictor of changes in LDL cholesterol and FMD relative to placebo. The slope of the line did not differ by treatment. Combining across the 2 omega-3 treatments, the change in triglycerides was inversely correlated with the change in LDL cholesterol (P = 0.003); it predicted 12% of the change in LDL cholesterol relative to placebo. The model was also tested after one of the cholesterol measures that was used to calculate the average LDL cholesterol for the placebo period for one subject was excluded (suspected technical error), and the regression R-squared increased to 19% (P = 0.001; Figure 3 ). The data points for this participant had the largest residuals in the original model. The model predicts for this sample that each additional 13-mg/dL reduction in triglycerides was associated with an increase in LDL cholesterol of 1 mg/dL.
Pooling across both doses, the reduction in triglyceride values after fish-oil treatment was significantly predictive of FMD improvement. The change in triglyceride value predicted '10% of the change in FMD (P = 0.04). Changes in triglycerides did not predict the changes in EndoPAT RHI, F-RHI, and AI (data not shown).
Other regression models examined
Changes in LDL cholesterol, HDL cholesterol, hs-CRP, and the omega-3 index were not significant, independent predictors of the change in FMD (data not shown), and changes in the omega-3 index were not predictive of changes in inflammatory status in this sample (data not shown). However, there was very little range in within-subject inflammatory changes in this study, which limited regression modeling.
DISCUSSION
The results of this study corroborate the effectiveness of pharmacologic doses of omega-3 fatty acids in reducing triglyceride 1 All values are means 6 SDs; ranges in parentheses. Values were obtained by using the UNIVARIATE procedure (version 9.2; SAS Institute Inc, Cary, NC). Lipids and lipoproteins are the average of 2 samples taken on 2 separate days. LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; TG, triglycerides; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF, tumor necrosis factor; AST, aspartate aminotransferase; ALT, alanine aminotransferase. n-3 FATTY ACIDS IN MODERATE HYPERTRIGLYCERIDEMIA concentrations in persons with moderate hypertriglyceridemia. Relative to the placebo treatment, fasting triglycerides were reduced by 27% after the 3.4-g/d dose, consistent with previous reports (12, (42) (43) (44) (45) (46) . The percentage reduction achieved was related to the subjects' triglyceride concentrations after the placebo dose so that, on average, the subjects with the highest triglycerides achieved the greatest percentage reduction after the higher dose. The lower dose (0.85 g/d) did not alter lipid values, and fasting measures of glucose metabolism were not altered by either dose relative to placebo.
As expected, the omega-3 fatty acid composition of erythrocytes increased in a dose-responsive manner, confirming compliance and uptake of omega-3 fatty acids into cellular membranes. After 8 wk of supplementation, the 3.4-g/d dose achieved an average omega-3 index associated with a reduced CVD risk (. 8%) (33) . Because the duration of supplementation was only 8 wk, these values do not reflect maximum omega-3 uptake into RBC fatty acids (47) . The time between endpoint measures was 14 wk (8-wk treatment + 6-wk washout) to minimize potential carryover between doses.
Despite the dose-response uptake of omega-3 fatty acids into membranes, we did not observe improvements in any measure of inflammation, including circulating concentrations of hs-CRP and inflammatory cytokines or gene expression of inflammatory cytokines in isolated peripheral blood mononuclear cells. Although there is extensive evidence of the antiinflammatory effects of omega-3 fatty acids in epidemiologic (48, 49) , animal, and in vitro (19, 50) and ex vivo (51, 52) studies, many clinical studies (including this one) have found no effect of supplemental omega-3 fatty acids on circulating markers of inflammation, such as hs-CRP (25, 30, 53, 54) . Longer treatment duration or alternate routes of administration may be necessary (55) . However, most evidence suggests that omega-3 fatty acids suppress provoked inflammatory responses, and the use of a standardized inflammatory challenge for in vivo human research is a promising strategy for future studies (55, 56) . The FMD values that we obtained with lower arm occlusion ('4-5%) indicate relatively impaired endothelial function that is similar to values seen in persons with type 2 diabetes (24, 57); however, endothelial function was not affected by either dose of omega-3 fatty acids. Our findings agree with those of Stirban et al (24) , who found no change in fasting FMD after supplementation with 1.7 g EPA+DHA/d for 6 wk. However, in that study, treatment with omega-3 fatty acids attenuated the postprandial decrease in endothelial function after a high-fat meal (24) , which suggested that the effects of omega-3 supplementation on FMD may be more evident during an oxidative, inflammatory, and/or lipemic challenge.
Earlier work reported improved fasting FMD when subjects with hypercholesterolemia were treated with 3.4 g EPA+DHA/d for 4 mo (28) . However, in this study, the vasodilatory response was reported as a millimeter change, whereas the percentage FMD calculated from these data are unexpectedly low relative to typical values (1-3%) (38, 58) . In adults with lupus (30) and peripheral arterial disease (25) , FMD improved after 12-24 wk of 2 to 3.4 g EPA+DHA/d, despite no effect on traditional markers on inflammation (25, 30) . Other studies have shown no vascular effects of 4 g EPA+DHA/d given for 6 to 8 wk (26, 29) .
Omega-3 fatty acids had no effect on EndoPAT scores or hyperemic responses. These findings agree with a recent report, which showed that RHI and F-RHI did not change in obese adolescents after supplementation with 1.2 g EPA+DHA/d for 12 wk (59). Because we found no effect on any vascular endpoint 2 P values are for the main effect of treatment and period based on the MIXED procedure with both fixed effects in the model when period effects were significant (version 9.2; SAS Institute Inc, Cary, NC). When the period was nonsignificant, it was removed from the model to determine treatment effects. None of the Tukey-adjusted P values for pairwise comparisons for treatment effects were significant (P . 0.05). 3 First-visit values were significantly greater than visit 2 and visit 3 values (P , 0.005, Tukey-adjusted). 4 First-visit values were significantly lower than visit 3 values (P = 0.04, Tukey-adjusted). 5 First-visit values were significantly lower than visit 2 and visit 3 values (P , 0.05, Tukey-adjusted).
n-3 FATTY ACIDS IN MODERATE HYPERTRIGLYCERIDEMIA with omega-3 fatty acid treatment, we concluded that neither dose affected fasting endothelium dependent vasodilation, whether microvascular or macrovascular, after 8 wk.
In our study, reductions in fasting triglycerides after fish-oil treatment (relative to placebo) were associated with both increases in LDL cholesterol (R 2 = 19%, P = 0.001) and, to a lesser extent, improvements in FMD (R 2 = 10%, P = 0.04). The association between reductions in triglycerides and increases in LDL cholesterol corresponded to a Pearson's correlation (r) of 0.44 and is consistent with other reports (12, 60) . Changes in LDL cholesterol across the 2 treatments were not predictive of changes in FMD, which suggests that any increase in LDL cholesterol within subjects did not nullify potential vascular benefits resulting from triglyceride reductions. Many exploratory regression models for predicting change in endothelial function were tested, so the finding that triglyceride reductions predict improvements in FMD is only hypothesis generating.
We were surprised to find significant period effects for hyperemic outcomes, heart rate, and artery diameter, which indicated that the response to the hyperemic stimulus changed in a systematic way with repeated exposure. This underscores the importance of placebo control in vascular studies and suggests that participants should be exposed to the testing conditions before the collection of endpoint measurements.
Study strengths
Our study population is unique in that our participants were recruited specifically based on the criterion of moderately elevated triglycerides. The subjects were otherwise healthy; were nonsmokers; and were not taking drugs for hypertension, elevated cholesterol, or inflammation or taking supplements. Although this sample is not typical of the population with moderate hypertriglyceridemia, these stringent inclusion and exclusion criteria may reduce potential variability in treatment effects. FMD values, which are highly dependent on analytic precision, were obtained following established guidelines (61) . All scans were collected by one sonographer with expertise in vascular ultrasound. Our crossover design allowed us to compare the effects of 2 clinically important doses within the same participants.
Study limitations
The predominantly white male sample, treatment duration, absence of pretreatment endothelial function testing, and sample size (although typical of endothelial function studies) are potential limitations. Whereas triglyceride effects are known to occur very quickly (,2 wk), it may be that .8 wk is required to observe improvements in inflammation and endothelial function as measured by FMD and EndoPAT (25, 30) . Our design required 9 mo of participation from subjects (including washout periods); despite this, our retention rate was high (only one voluntary dropout).
Conclusions
We found that 3.4 g EPA+DHA/d reduced fasting triglycerides by 27% in subjects with moderately elevated triglycerides, and this response was proportional to each individual's degree of triglyceride elevation in regression modeling. In contrast, no effects of 0.85 or 3.4 g EPA+DHA/d on endothelial function, insulin, glucose, or inflammation relative to placebo were observed. In regression models, reductions in triglycerides predicted increases in LDL cholesterol and FMD. Future studies should continue to examine whether omega-3 fatty acids have dose-response effects on adaptive responses to postprandial and inflammatory challenges.
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